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Under-dispersive ensembles

Overprediction of forecast skill by unknown amount

Poor prior error-covariance estimates for data
assimilation

Some Aspects of the Improvement in Skill of Numerical Weather Prediction

Technical Memorandum No.342 9

3. Forecast Errors and the Differences between Successive Forecasts

Lorenz (1982) discussed the comparison of r.m.s forecast errors with r.m.s. differences between forecasts
started a day apart and verifying at the same time. He argued that if the forecast model in operational use at
the time was realistic enough for small differences in initial conditions to cause forecasts to diverge at a rate
close to that at which separate but similar atmospheric states diverge, then the rate of growth of the forecast
differences would provide a limit to the potential accuracy of the forecast that could not be surpassed without
analysis or model changes which reduced the one-day forecast error. The evolution of the forecast differences
(or “perfect-model” errors) would in particular provide a basis for estimating the intrinsic rate of growth of
initially small forecast errors.

Lorenz illustrated his discussion with results derived from a purpose-built dataset of ECMWF 500hPa height
analyses and forecasts for the period from 1 December 1980 to 10 March 1981. Such datasets have been
produced for every subsequent season, and they provide a convenient basis for study of forecast performance
over more than twenty years. They have been used to make the calculations reported in this and the following
section. Computational details are as given by Simmons et al.(1995).

The left-hand panel of Fig. 6 presents r.m.s. forecast errors and forecast differences for the extratropical
northern hemisphere as a function of forecast range for the first and latest winters1 for which results are
available, 1981 and 2001. The r.m.s. errors are very much lower in 2001, across the whole forecast range. The
reduction since 1981 is about 60% at day one, 50% at day three and 25% at day ten. The gap between the
forecast-error and forecast-difference curves is much smaller in 2001 than 1981, indicative of model
improvement since 1981. This is known to include a significant reduction in the systematic component of
forecast error (Simmons et al. 1995; Ferranti et al. 2001).

Fig 6. Root-mean-square 500hPa height forecast errors (solid) and differences between successive forecasts verifying at
the same time (dashed) as functions of the forecast range, computed over the extratropical northern hemisphere, and
shown for the winters of 1981 (grey) and 2001 (black) in the left panel, and for the winters of 1994 (grey) and 2001
(black) in the right panel.

1. Here winter refers to the period with forecast verification dates from 1 December to 28 February, and the
season from 1 December 1980 to 28 February 1981 is referred to as the (northern hemisphere) winter of
1981, and so forth for other years.
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Spread in spectral space

σ2

S =
N−1
∑

k=1

Ŝ2 =
N−1
∑

k=1

(

P̂ 2 + Q̂2
− 2P̂ Q̂

)

Spectral coefficients denoted ∗̂ are functions of
wavenumber k.

P,Q are two members of an ensemble.

Implied sum over all possible pairs.
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A damped model

At a single time t and wavenumber k, damp the model with
a filter R(k):

p̂ = RP̂ , q̂ = RQ̂

Call it a deficiency in scale-dependent spatial variance
(forecast amplitude). It results in a damped spread Ŝ2

f :

Ŝ2

f = p̂2 + q̂2
− 2p̂q̂

= R2

(

P̂ 2 + Q̂2
− 2P̂ Q̂

)

= R2Ŝ2
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Consequences

Low resolution High resolution
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How about a real model?

Error growth depends on case and forecast time

R is not smooth

For many forecast systems, we can estimate R

R =
p̂

P̂

Ŝ2 =
Ŝ2

f

R2

σ2

S =
N−1
∑

k=1

Ŝ2

We can calibrate ensemble spread to any reference P̂ .
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Two similar models

WRF Damped WRF (DMP)

Day 6 50.0 kPa geopotential height

WRF-CCM example
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Two similar models

WRF Damped WRF (DMP)

Day 6 50.0 kPa geopotential height (5480 m contour)

WRF-CCM example
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Predicted error growth

Averaged over 6 cases 2001/02 cool season, using
10-member ensembles:

Can we correct this with an estimate of R?
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Estimating R

∫

1

R2 dk
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Calibration
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Two different models

WRF CCM

Day 6 50.0 kPa geopotential height

WRF-DMP example
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Two different models

WRF CCM

Day 6 50.0 kPa geopotential height (5480 m contour)

WRF-DMP example
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Predicted error growth

Averaged over 6 cases 2001/02 cool season, using
10-member ensembles:
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Estimating R
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Calibration
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Error diagnosis

Model
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Complications and limitations

The calibration only addresses amplitude deficiencies in
a model.

Computing spectra on limited-area domains presents its
own challenges.
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Conclusions

Damping in a model will lead to underdispersive
ensembles and overly optimistic estimates of
predictability.

Amplitude deficiencies can be corrected with an
empirical estimate of the time-dependent ratios
between the spectra of different model solutions.

Residuals (uncorrected spread) provide a measure of
the effects of additional model error on ensemble
spread.

To do:

Seek calibration that corrects for a larger class of error.
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